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Background and aims: Internet gaming disorder (IGD) is characterized by a loss of control and a preoccupation with
Internet games leading to repetitive behavior. We aimed to compare the baseline neuropsychological proﬁles in IGD,
alcohol use disorder (AUD), and obsessive–compulsive disorder (OCD) in the spectrum of impulsivity and
compulsivity. Methods: A total of 225 subjects (IGD, N= 86; AUD, N= 39; OCD, N= 23; healthy controls,
N= 77) were administered traditional neuropsychological tests including Korean version of the Stroop Color–Word
test and computerized neuropsychological tests, including the stop signal test (SST) and the intra–extra dimensional set
shift test (IED). Results:Within the domain of impulsivity, the IGD and OCD groups made signiﬁcantly more direction
errors in SST (p= .003, p= .001) and showed signiﬁcantly delayed reaction times in the color–word reading condition
of the Stroop test (p= .049, p= .001). The OCD group showed the slowest reading time in the color–word condition
among the four groups. Within the domain of compulsivity, IGD patients showed the worst performance in IED total
trials measuring attentional set shifting ability among the groups. Conclusions: Both the IGD and OCD groups shared
impairment in inhibitory control functions as well as cognitive inﬂexibility. Neurocognitive dysfunction in IGD is linked
to feature of impulsivity and compulsivity of behavioral addiction rather than impulse dyscontrol by itself.
Keywords: behavioral addiction, compulsivity, Internet gaming disorder, impulsivity, obsessive–compulsive
disorder
INTRODUCTION
Internet gaming disorder (IGD) was recently included in the
ﬁfth edition of the Diagnostic and Statistical Manual of
Mental disorders (DSM-5) as “a condition for further
study.” The clinical diagnosis of IGD is based on behavioral
patterns encompassing persistent thoughts about Internet
games and persistent use of the Internet to engage in games,
leading to signiﬁcant impairment or distress (American
Psychiatric Association, 2013). Symptoms in patients with
IGD resemble addiction-speciﬁc phenomena, comparable
with those seen in substance-related addiction, including
cravings and withdrawal symptoms such as unpleasant
feeling states, and tolerance. Consistent with this notion,
many researchers have proposed that IGD be recognized as
a behavioral addiction (Dowling, 2014; Pontes, Kiraly,
Demetrovics, & Grifﬁths, 2014). There have been suggested
the needs for establishing diagnostic criteria of IGD as a
form of unique condition, differentiating from substance use
or gambling disorder (Grifﬁths et al., 2016). Moreover,
debates on the proposed inclusion of gaming disorder in
the upcoming ICD-11 have been included in the speciﬁcity
of current operationalization of the IGD construct compared
with other traditional substance addiction (Aarseth et al.,
2017). In spite of such concerns, other researchers claim that
loss of control and continued playing behavior despite
negative consequences of gaming disorder in ICD-11 pro-
posal have strong general support and would ﬁt well in
behavioral addiction framework. Both DSM-5 and ICD-11
proposal have loss of control and continuous harmful
behavior in common, as deﬁnite features of IGD (Király
& Demetrovics, 2017). Hence, great attention would be paid
to integrate the neurobiological substrate and clinical phe-
nomenon of loss of control and repetitive behavior in the
direction of alternative theoretical models.
* Corresponding author: Jung-Seok Choi, MD, PhD; Department of
Psychiatry, SMG-SNU Boramae Medical Center, 20, Boramae-Ro
5-Gil, Dongjak-Gu, Seoul 07061, Republic of Korea; Phone: +82 2
870 3461; Fax: +82 2 744 7241; E-mail: choijs73@gmail.com
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium for non-commercial purposes, provided the original author and source are credited.
ISSN 2062-5871 © 2017 The Author(s)
FULL-LENGTH REPORT Journal of Behavioral Addictions 6(4), pp. 545–553 (2017)
DOI: 10.1556/2006.6.2017.069
First published online October 19, 2017
Alcohol use disorder (AUD), a “traditional” substance
addictive disorder, shows repeated behavior involving con-
tinued excessive use of the substance (Hyman, 2007).
Obsessive–compulsive disorder (OCD) is also associated
with repetitive compulsive behavior. Most patients with
OCD have excessive repetitive behavior, characterized by
an inability to delay or inhibit ongoing action, leading to
functional impairment (Gillan et al., 2011).
IGD and substance use disorder (SUD) have some
phenomenological overlap with OCD in terms of repetitive
behaviors. A feature of IGD involves repeated unsuccessful
efforts to control gaming behavior. Similarly, patients with
SUD cannot resist their impulse toward substance use and
continue compulsive substance consumption despite ad-
verse consequences (O’Brien, Volkow, & Li, 2006).
Such phenomenological similarities across these disor-
ders in terms of repetitive behavior can be viewed in terms
of the spectrum between impulsivity and compulsivity.
Traditionally, impulsivity and compulsivity have been pro-
posed as opposite constructs. The impulsivity construct is
conceptualized as a tendency to act prematurely without
foresight, in a manner that is unduly risky or inappropriate to
the situation, whereas compulsivity is related to repetitive
behaviors in a habitual manner to protect the individual from
perceived negative consequences (Curatolo, Paloscia,
D’Agati, Moavero, & Pasini, 2009; Menzies et al., 2007).
However, regarding symptoms, disorders characterized by
impulsivity often share features with compulsivity (Grant &
Kim, 2014). Indeed, it has been proposed that impulsive and
compulsive behaviors overlap and often become more inter-
twined over time. In attempting to understand the neurobio-
logical and psychological processes mediating addictive
behavior, researchers have suggested that continued sub-
stance use is not only related to an intense urge and craving
but also to loss of control and a compulsive pattern (Altman
et al., 1996). Patients with OCD have difﬁculty suppressing
intrusive thoughts, and their compulsive behavior might arise
from such an underlying deﬁcit in inhibitory cognitive control
(Purcell, Maruff, Kyrios, & Pantelis, 1998).
On a neuroanatomical level, these two constructs may
both be explained by a failure of the response-control
system mediated by separate but intercommunicating
frontal–striatal neural circuits (Dalley, Everitt, & Robbins,
2011). On a neurocognitive level, obsessive–compulsive
symptoms seen in OCD have been suggested to result from
a failure of inhibitory control or inability to shift attention
from these ongoing thoughts or motor activities toward less
distressing ones (Greisberg & McKay, 2003). Furthermore,
many studies have examined cognitive dysfunction in OCD
based on the assumption that compulsive behaviors result
from failure of dysfunctional frontal circuits to inhibit basal
ganglia motor or cognitive programs (Okasha et al., 2000).
In an attempt to understand OCD within this impulsive–
compulsive spectrum, a previous study proposed that
impulsive and compulsive symptoms in OCD refer to
cognitive inﬂexibility as well as impaired motor inhibition
based on cognitive tasks assessing the ability to shift
attentional focus and to suppress unwanted motor responses
(Chamberlain, Fineberg, Blackwell, Robbins, & Sahakian,
2006). The author also reported that OCD patients showed
cognitive inﬂexibility, as measured by extradimensional set
shifting and motor impulsivity using stop signal reaction
time (Chamberlain et al., 2006).
To investigate disrupted underlying neurocognitive pro-
cesses across behavioral addiction, substance addiction, and
OCD, a recent study directly compared pathological gam-
bling (PG), alcohol dependence (AD), and OCD patients
with healthy controls (HC) on self-reported and cognitive
measures of compulsivity and impulsivity (Bottesi, Ghisi,
Ouimet, Tira, & Sanavio, 2015). They suggested similarities
and differences in patterns across PG, AD, and OCD groups
in motor inhibition ability and decision-making processes
(Bottesi et al., 2015). In a recent study, directly comparing
impulsivity and compulsivity in IGD, PG, and AUD patients
using neurocognitive measurements, the IGD group was
found to share features of impulsivity rather than compul-
sivity with those having other addictive disorders (Choi,
Kim, et al., 2014). Taken together, a recent review raises
issues of direct comparison of IGD and OCD at a neurobio-
logical level to provide more precise conceptualization of
IGD between behavioral addiction and impulse-control
disorders as initial impulsivity followed by compulsivity
in behavioral addiction can be differentiated from impulse-
control disorder (Starcevic & Aboujaoude, 2017).
In this study, our objective was to investigate two ques-
tions: (i) whether IGD patients exhibit higher disinhibition
compared with non-clinical control in the cognitive and
motor domain of impulsivity and (ii) whether IGD patients
have higher cognitive inﬂexibility compared with non-
clinical control in the domain of compulsivity. Our second
area of interest in this study was to clarify if IGD patients
differ from non-clinical comparison group with respect to the
level of impulsivity and compulsivity, and such difference
was unique to IGD or shared by individuals with AUD and
OCD.
METHODS
Subjects
The sample comprised 86 patients with a diagnosis of IGD,
39 with AUD, 23 with OCD, and 77 HC. IGD and AUD
patients were recruited from the outpatient clinic of SMG-
SNU Boramae Medical Center in Seoul, South Korea,
where they were being treated for excessive Internet gaming
or alcohol use. HC subjects were recruited from the local
community; they had no history of psychiatric illness and
played Internet games less than 2 hr/day. OCD patients were
recruited from the OCD outpatient clinic at the Seoul
National University Hospital (SNUH).
All patients with IGD, AUD, and OCDwere diagnosed by
an experienced psychiatrist according to criteria of the DSM-
5. Young’s Internet Addiction Test (Young, 1998) was used
to assess the severity of IGD. Test items are rated on a 5-point
scale ranging from 1 (very rarely) to 5 (very frequently). The
Korean version of the Alcohol Use Disorder Identiﬁcation
Test (AUDIT-K; Kim et al., 1991) was used to assess the
severity of AUD. This scale measures the frequency of
alcohol abuse behavior and contains 10 questions, scored
on a 4-point Likert scale. Cutoff value for high-risk drinking
is above 10 for male and 6 for female (Kim et al., 1991).
546 | Journal of Behavioral Addictions 6(4), pp. 545–553 (2017)
Kim et al.
The severity of OCD was assessed with the Yale–Brown
Obsessive–Compulsive Scale, a clinical-administered mea-
surement consisting of 10 items (Goodman et al., 1989).
Total scores range from 0 to 40, and under 7 are considered
subclinical.
Of the 23 OCD patients, 11 were medicated at the time of
testing; all were taking a selective serotonin reuptake inhib-
itor, and one patient was prescribed a small dose of olanza-
pine (2.5 mg) as an adjuvant. Seven OCD patients were
medication-naive, and ﬁve patients were medication-free for
more than 1 month before entering the study. All patients
with IGD and AUD were medication-naive for their
lifetime.
The Structured Clinical Interview for DSM-IV (SCID-
IV) was administered to identify past and present psychiatric
illness in the participants. To measure comorbid depression
and anxiety, all patients completed the Beck Depression
Inventory (BDI; Beck, Ward, Mendelson, Mock, &
Erbaugh, 1961) and the Beck Anxiety Inventory (BAI;
Beck, Epstein, Brown, & Steer, 1988). The BDI and BAI
are 21-item self-reporting questionnaires for evaluating the
severity of depression and anxiety based on score range
from 0 (not at all) to 3 (severely). In BDI, total score of 0–9
is considered minimal range, 10–18 is mild, 19–29 is
moderate, and 30–63 is severe. In BAI, total score of 0–
9 is considered minimal range, 10–16 is mild, 17–29 is
moderate, and 30–63 is severe.
Exclusion criteria included neurological disease; signiﬁ-
cant head injury accompanied by loss of consciousness;
medical illness with documented cognitive sequelae; senso-
ry impairment; or intellectual disability (IQ< 70).
Assessments of impulsivity and compulsivity
We used the Cambridge Neuropsychological Test Automat-
ed Battery (CANTAB), a neuropsychological assessment
battery administered by computer using a touch-sensitive
screen. It has been used for neuropsychological research
across different populations and to study development in the
cognitive domain (Luciana & Nelson, 2002; Roque,
Teixeira, Zachi, & Ventura, 2011). Impulsivity was mea-
sured using the stop signal test (SST) from the CANTAB,
which assesses the ability to inhibit a prepotent response and
impulse control (Logan, Schachar, & Tannock, 1997).
During the task, the participants have to press button by
selecting left or right button depending on the direction in
which the arrow points. In the second part, an audio stop
signal follows in which participants instruct to stop that
response. The net direction errors, proportion of successful
stops, reaction time on go trials, and stop signal reaction
time when quitting the task were used as the dependent
variable in this study (see http://www.cambridgecognition/
cantab/).
Compulsivity was assessed by intra–extra dimensional
set shift test (IED) from the CANTAB, which measures the
ability to shift attentional set. This test examines the ability
to inhibit and shift attention between stimulus dimensions
(Lawrence, Sahakian, & Robbins, 1998). In this task, two
artiﬁcial dimensions of color-ﬁlled shapes and white line are
presented. Participants must learn which one is correct from
two visual stimulus following feedback at each stage, when
satisfying six consecutive correct responses. Outcome
measures are the number of errors, the number of trials
completed, and the number of stages (see http://www.cam-
bridgecognition/cantab/).
Inability to shift attention is an important factor in rigid
mental acts and repetitive behavior, leading to an inability to
shift attention from a speciﬁc thoughts or behavioral set (Gu
et al., 2008). We used the Korean Color–Word Stroop Test
(K-CWST; Kim et al., 2004) as a measure of interference
control. In the color–word condition, participants are asked
to name the ink color of color–words differing from the
name of color–words on the presented card as quickly as
possible. Therefore, they have to inhibit the automatic
process of reading during the K-CSWT. The trail making
test (TMT), which assesses motor planning (type A) and
cognitive ﬂexibility related to compulsivity (type B)
(Reitan, 1992) was also used. The task requires participants
to connect a sequence of consecutive targets on a computer
screen. TMT-A requires an individual to connect presented
numbers as quickly as possible, reﬂecting visuospatial
searching ability. The TMT-B requires a subject to connect
the numbers and letters alternately, additionally measuring
the ability for cognitive shifting. Total time in seconds for
parts A and B and errors (incorrect lines that reach its target)
were set as dependent variables (Tombaugh, 2004).
Statistical analysis
Before the formal analysis, we conducted exploratory data
analyses to identify and remove outliers to reduce the
possibility of spurious results. We performed analysis of
variance (ANOVA) to examine distinct characteristics of the
groups. Analysis of covariance (ANCOVA) and Poisson
regression were performed to evaluate group differences.
We divided variables into continuous and discrete variables.
ANCOVA was performed to compare continuous variables,
including TMT A/B reaction time and K-CWST reading
time. Discrete variables, such as TMT A/B error number and
K-CWST reading error number were analyzed using Pois-
son regression. We set age, IQ, depression (BDI), and
anxiety (BAI) scores as covariates for ANCOVA and
Poisson regression. All statistical analyses were performed
using the IBM SPSS software (version 21; IBM Inc.,
Armonk, NY, USA). p values <.05 were considered to
indicate statistical signiﬁcance.
Ethics
The study was conducted in accordance with the Declaration
of Helsinki. The institutional review boards of SMG-SNU
Boramae Medical Center and SNUH approved this study.
All participants were informed about the study and provided
written informed consent.
RESULTS
Subject characteristics
The demographic and clinical/cognitive characteristics of
participants are presented in Table 1. No statistically
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signiﬁcant difference was observed in gender distribution
(p= .058) among the four groups, but male participants
were prominent in all groups. Clinical/cognitive differences
were observed in IGD, AUD, OCD, and HC. The IGD
group showed the highest IAT (p< .001) score. The AUD
group was oldest (p< .001) and had the highest AUDIT
(p< .001), BDI (p< .001), and BAI (p< .001) scores
among the four groups. The OCD group showed markedly
higher Y-BOCS (p< .001) scores compared with IGD,
AUD, and HC. Also, the HC group had the highest IQ
(p< .001) scores.
Neurocognitive performance
Impulsivities in neurocognitive measurements. In the
domain of impulsivity, both the IGD and OCD groups
made signiﬁcantly more net direction errors on stop and
go trial in the SST (IGD; mean= 3.929± 6.852, OCD;
mean= 4.000 ± 5.222) than did HC (mean = 2.000 ±
3.495) after the post-hoc test (p= .004 and p< .001, respec-
tively). IGD and OCD (IGD; mean= 3.071± 5.544, OCD;
mean= 3.043 ± 3.902) made more direction error compared
with HC (mean= 1.493± 2.910) on go trials in the SST
after the post-hoc test (p= .003 and p= .001, respectively).
The ﬁndings for other groups were inconclusive (Table 2,
Figure 1).
Neurocognitive measurement of compulsivity. In the
domain of compulsivity, we found that IGD needed more
number of total trials to complete IED test (IED total trials)
compared with AUD (IGD; mean= 80.635 ± 19.660, AUD;
mean= 75.943± 11.757; p= .007) in the post-hoc test with
the Bonferroni correction (Table 2, Figure 1).
Completion times and error rate on the TMT part A and B
did not vary by diagnostic status (group) (Table 2). In
the CWST condition, both IGD and OCD (IGD; mean=
105.470± 21.389, OCD; mean= 118.217± 36.478) had
slower reading time compared with HC (mean= 94.623±
17.826), which requires participants to name the color of word
with mismatched ink color in the post-hoc test with the
Bonferroni correction (p= .004 and p= .001, respectively).
In particular, the OCD group showed the slowest reading time
in the color–word condition among other groups (Table 2,
Figure 1).
DISCUSSION
This is the ﬁrst reported study to identify the neurocognitive
characteristic of IGD, AUD, and OCD from the perspective
of impulsivity and compulsivity. This study showed behav-
ioral abnormalities in both IGD and OCD in relation to
impaired response inhibition and cognitive inﬂexibility.
Regarding response inhibition, the IGD and OCD groups
showed worst performance than the HC group in the SST
with motor and cognitive inhibition. Therefore, our ﬁrst
hypothesis for impulsivity of IGD was supported. Regard-
ing compulsivity, the IGD and OCD groups needed more
effort to switch attention in the incongruent color–word
condition of Stroop test, reﬂecting their cognitive inﬂexibil-
ity. This ﬁnding supports our second hypothesis for com-
pulsivity of IGD.
Previous studies using the SST have reported impaired
response inhibition compared with the control group, sug-
gesting behavioral impulsivity in IGD (Choi, Park, et al.,
2014; Ding et al., 2014). A chronic course followed by
repetitive relapse in addiction may stem from dysfunctional
top-down inhibitory circuitry (Dalley et al., 2011). This
impairment may explain why individuals with IGD have
difﬁculty suppressing cravings toward disease-related cue
and continue repetitive self-defeating behavior.
An increase in the response time on the K-CWST may
result from response competition in a situation demanding
that one inhibit the incorrect, but easier, response (Adleman
et al., 2002). Many researchers have also used the Stroop-
related effect to measure the suppression of prepotent
response in substance addiction (Adleman et al., 2002;
Goldstein & Volkow, 2002). Obsessive–compulsive symp-
toms seen in OCD have been suggested as examples of
inhibitory failure or inability to shift attention from these
ongoing thoughts or motor activities toward less distressing
ones (Greisberg & McKay, 2003).
Table 1. Baseline demographic and clinical information of subjects
Internet gaming
disorders (n= 86) Alcohol use disorders (n= 39)
Obsessive–compulsive
disorders (n= 23)
Healthy controls
(n= 77)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) χ2 or F p
Male (%) 82 (95.35) 32 (82.05) 19 (82.61) 69 (89.61) 6.736 .058
Female (%) 4 (4.65) 7 (17.95) 4 (17.39) 8 (10.39)
Age 21.535 (6.906) 28.538 (5.409) 23.913 (4.552) 22.844 (5.671) 12.408 <.001**
IQ 109.870 (16.280) 107.308 (12.497) 111.304 (13.306) 117.703 (9.292) 6.183 <.001**
IAT 64.821 (15.740) 29.750 (7.098) 45.111 (19.638) 29.026 (8.477) 108.664 <.001**
AUDIT 8.605 (7.102) 23.861 (5.205) 5.375 (4.951) 5.410 (3.739) 101.753 <.001**
Y-BOCS 0.290 (1.512) 0.000 (0.000) 22.74 (8.950) 0.100 (0.403) 126.085 <.001**
BDI 14.413 (10.110) 23.250 (15.424) 15.500 (11.516) 3.959 (3.747) 32.792 <.001**
BAI 11.797 (10.135) 21.861 (15.723) 13.278 (9.430) 4.880 (5.175) 22.365 <.001**
Note.Data are given as mean (SD). SD: standard deviation; IQ: intelligence quotient; IAT: Young’s Internet Addiction Test; AUDIT: Alcohol
Use Disorder Identiﬁcation Test; Y-BOCS: Yale–Brown Obsessive–Compulsive Scale; BDI: Beck Depression Inventory; BAI: Beck
Anxiety Inventory.
**p< .01.
548 | Journal of Behavioral Addictions 6(4), pp. 545–553 (2017)
Kim et al.
Based on evidence from neuroimaging and neuropsycho-
logical studies, fronto-striatal dysfunction has been impli-
cated in the pathophysiology of OCD (Menzies et al., 2008;
Van den Heuvel et al., 2005). There have been extensive
studies on dysfunctional inhibitory control with various
measures and paradigms in patients with OCD (Benatti,
Dell’Osso, Arici, Hollander, & Altamura, 2014; Krikorian,
Zimmerman, & Fleck, 2004; Moritz, Kloss, & Jelinek,
2010). Regarding the Stroop test, prior work suggests that
interference control has been shown to be compromised in
individuals with OCD, since OCD patients performed worst
than controls in inhibitory prefrontal function tests, includ-
ing the STOP task, GO/NO-GO task, and Stroop task
(Penades et al., 2007).
Since cognitive ﬂexibility implies the ability to deauto-
matize automated responses and to adapt cognitive proces-
sing strategies to face new conditions, the Stroop interference
effect is related to cognitive inﬂexibility (Canas, Quesada,
Antolí, & Fajardo, 2003; Moore &Malinowski, 2009). Taken
together, the increased response time on the CWST in IGD
and OCD can be regarded as evidence not only for cognitive
inﬂexibility but also of impaired inhibition of interfering
stimuli.
In this study, the IGD group showed the worst perfor-
mance among the four groups in IED total trials, which
measures attentional set shifting, in which attention is
required to switch between higher-order modalities (Block,
Dhanji, Thompson-Tardif, & Floresco, 2007). As attentional
set shifting assesses the ability to adapt behavior ﬂexibly
following feedback (Kehagia, Murray, & Robbins, 2010),
this ﬁnding indicates persistent damaging behaviors in IGD,
which result from a failure to learn new strategies according
to the requirements of a given context.
Several studies in SUD have argued that in the course of
addiction, initial impulsive use of a drug becomes compul-
sive drug-taking behavior following neuro-adaptation of
striatal circuits, notably shifting from ventral striatal to
dorsal striatal hyperactivation (Everitt & Robbins, 2005,
2013). That is, in the early phase of addiction, individuals
initially make risky, but goal-directed, acts to gain immedi-
ate pleasure or relief. However, as addiction progresses, the
reward effect diminishes, leading to escalating time spent on
addictive behaviors. Instead, as compulsive habits develop,
stimulus-driven responses can be the driving force toward
repetitive behavior (Lubman, Yücel, & Pantelis, 2004).
Individuals with IGD have difﬁculty ending their gaming
Table 2. Results of neurocognitive tests among the groups
Internet gaming
disorders
(n= 86)
Alcohol use
disorders
(n= 39)
Obsessive–
compulsive
disorders (n= 23)
Healthy controls
(n= 77)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) p Post-hoc
TMT A (s) 22.512 (7.442) 22.135 (6.412) 24.045 (10.265) 20.377 (6.260) .114
TMT B (s) 58.702 (26.594) 61.892 (23.924) 61.364 (31.042) 51.133 (12.860) .096
TMT A error 0.117 (0.512) 0.103 (0.384) 0.000 (0.000) 0.173 (0.476) .751
TMT B error 0.571 (1.105) 1.308 (2.802) 0.200 (0.447) 0.453 (0.859) .050
Stroop color–word
RT (s)
105.470 (21.389) 99.865 (18.207) 118.217 (36.478) 94.623 (17.826) .002** IGD>HC,
OCD>HC,
OCD>AUD
Stroop word RT (s) 59.061 (10.664) 56.083 (6.975) 63.783 (20.097) 54.947 (9.272) .033* n.s.
Stroop word error 0.605 (0.939) 0.846 (1.755) 0.500 (0.837) 0.560 (0.858) .603
Stroop color–word
error
3.145 (3.114) 4.289 (14.582) 3.500 (2.739) 2.773 (2.768) .746
IED total errors 9.435 (7.058) 11.919 (5.649) 11.739 (7.047) 8.855 (6.724) .731
IED total trials 80.635 (19.660) 75.943 (11.757) 75.522 (15.132) 76.855 (14.996) .046* IGD>AUD
SST direction errors
on stop and go
trials
3.929 (6.852) 2.622 (5.155) 4.000 (5.222) 2.000 (3.495) <.001** IGD>HC,
OCD>HC,
OCD>AUD,
IGD>AUD
SST direction errors
on go trials
3.071 (5.544) 2.000 (4.103) 3.043 (3.902) 1.493 (2.910) .007** IGD>HC,
OCD>HC,
OCD>AUD
SST proportion of
successful stops
last half
0.500 (0.115) 0.520 (0.144) 0.497 (0.080) 0.524 (0.119) .585
SST SSRT last
half (ms)
183.330 (65.988) 166.530 (54.530) 183.330 (65.988) 159.669 (50.272) .053
Note. p value was adjusted by age, IQ, BDI, and BAI. SD: standard deviation; TMT A: trail making test A completion time; TMT B: trail
making test B completion time; IED: intra–extra dimensional set shift test; Stroop word RT: Stroop word of color–word reading time; Stroop
color–word RT: Stroop color of color–word reading time; SST: stop signal test; SST SSRT: stop signal test stop reaction time; IQ:
intelligence quotient; BDI: Beck Depression Inventory; BAI: Beck Anxiety Inventory; IGD: Internet gaming disorder; OCD: obsessive–
compulsive disorder; AUD: alcohol use disorder; HC: healthy controls.
*p< .05. **p< .01.
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behavior. Their repetitive action toward gaming-related cues
may be explained by their tendency to respond habitually
rather than take goal-directed action. Similarly, in OCD,
even though stress and anxiety initially lead to the formation
of habits, the driving force of compulsive actions may come
from habitual and automatic responses rather than expecta-
tion of anxiety relief. Consistent with this, one promising
treatment modality in OCD is exposure to a conditioned cue
(e.g., a bathroom doorknob) and prevention of the subse-
quent compulsive action, leading to the subject’s gaining
control over the external stimulus (Whittal, Thordarson, &
McLean, 2005). Thus, in both IGD and OCD, excessive and
inﬂexible behaviors can be explained by stimulus-driven
habitual responses with respect to compulsivity.
The OCD and HC groups did not differ signiﬁcantly in IED
total trials. One explanation for this ﬁnding could be a
medication effect in the OCD group, because manipulation
of the serotonergic system can affect cognitive functioning
(Meneses, 1999). In this study participants, the OCD group
only included 12 patients taking prescribed medications at the
time of testing.
This study has several limitations that need to be con-
sidered when interpreting the ﬁndings. First, the represen-
tativeness of the populations may be a concern. In this study,
the AUD group did not show clear deﬁcits compared with
the control groups in neurocognitive measurements. Second,
the sample consisted primarily of male participants. In
addition, the medication status of the OCD patients was
not controlled in the analysis. Further research should
consider include equal proportions of subjects in all groups
and greater homogeneity among patient groups.
In this study, we sought to determine commonalities and
differences in the neurocognitive characteristics of IGD,
AUD, and OCD individuals, all of which show rigid
patterns of behavioral repetition associated with signiﬁcant
impairments in function, viewed from the perspective of
impulsivity and compulsivity. Our ﬁndings indicate that
patients with IGD and OCD share underlying deﬁcit in
inhibitory control and cognitive shifting. Thus, continuous
playing behavior in IGD may reﬂect difﬁculty with sup-
pressing cue-initiated responses and responding ﬂexibly to
changing conditions.
We conclude that cognitive characteristics of IGD are
different in some ways from those in AUD and OCD, but
there are also similarities across these conditions. These
ﬁndings may help in characterizing substance and behav-
ioral addiction more precisely, and in understanding shared
neurobiological substrates in addiction and OCD. Initial
patient assessment based on measurable neurocognitive
characteristics from the impulsivity–compulsivity perspec-
tive may offer a more integrated understanding of these
disorders rather than a categorical conceptualization based
on certain diagnostic criteria. Such ﬁndings would help
people to understand their problem based on objective
neurobiological perspective, and to enter into a speciﬁc
cognitive-behavioral change strategy. Speciﬁc therapeutic
interventions such as targeting prepotent motor inhibition
for out-of-control behavior, and targeting cognitive
Figure 1. Frequency distribution plots of signiﬁcant group differences. IGD: Internet gaming disorder; AUD: alcohol use disorder; OCD:
obsessive–compulsive disorder; HC: healthy controls; IED: intra–extra dimensional set shift; Stroop color-word RT: stroop color of color-
word reading time; SST: the stop-signal test. *Signiﬁcant difference in the post-hoc test with p< .05. **p< .01
550 | Journal of Behavioral Addictions 6(4), pp. 545–553 (2017)
Kim et al.
inﬂexibility for repetitive behavior would be adapted. There
remains a need for further investigations of neurobiological
correlates of the relationships between IGD, OCD, and other
addictive disorders.
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